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The bonding strengths of. two’ thermosetting adhesives
liquid COycleweld C-3 and Ardux 1, to several aircraft{ ma-
terisls werc determined by shear tests made-on lap—Jjoint
specimens, A few specimens were made with Cycleweld 0-3
film, The specimens wers tested at 25° C and at subfreez—
ing temperatures of approximately —40° C, )

With pHenolic laminatss both'adhesives produced bonds
sufficiently strong so that the test specimens falled in
the lamincte rather than in the bond, To obtain the maxi-~
mum shear stréngth in the Compreg specimens it was necessary
to preheat the material firsgt t0 relieve the high residual
stresscs and then machine “the strips to abta in flat sur—
faces, The shear strengths df the Cycleweld—bonded metal
specimens were greater than those ,0f the Ardux—bonded speci-—
nens$ also the strength of the former increased while the ~
strength of the latter decreased when the tests were nade
at 10w temperatures. e -

The shear strengths obtained for specimens made from
aluminum alloy bonded %o magnesium alloy with Cycleweld (-3 .
cement were comparable to the values.obtained for the speci-
mens in which strips of the same metal were attached fo-—
gether, An increcase in shear strength with decrease in
temperature was again oObserved,

The shear strength of the birch—-faced plywood and
aluminum—-alley specimens bonded with Cycleweld (-3 was
much greater than that for similar specimens containing
mahogany—iaced plywood, For both.plywoods the shear
strengths  of the lap-joint specimens made with the resin—
coated or the uncoated materials were practically the same,
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and the major portion of the failure generally occurred in
the wood vencer rather than in the adhesive, Alsc, the
gshear streigths of the specimens made with birch pljwood
were generally greater ot subfreezing temperatures than at
250 ¢ while thg:revesse was tTUb for the amzhogany-plywood
and aluainuiu-alloy snécimens, Satis:actory results were
obtained for some aluninum—alloy and plywood specimoens
bonded with Cycleweld C-3 filn,

INTRODUCTION

In the construction of alrcraft the attachment of
component structural elements is accomplished by various
means, such as riveting, ‘bokting, welding, and in some
ingtances by gluing, While present procedures are gener—
ally setisfactory, it 1s possible that, provided suitable
adhesives can be found, gluing might be the most rapid and
gatisfactory method of assembly, This method is now used
widely in plywood. construction,

Sometimes it 1 necessary in assembling:an aircraft
gtructure to attach together parts made of different ma-
terials, such as plywood to metal, or plastic to metal,
This situation complicates the search for a suitable ad-
hesive owing to various factors such as unequal effects of
temperature and humidity variations upon the materials to-
be attached, the relative permeability of the materisls to
the adhesive, and other factors

In selecting an adhesive sultadle for dondilng aircraft
gtructural elements it must be borne in mind that good ad—
hesive strength as determined under laboratory conditions is
not the only criterlion, fPhe adhesive should retain & high
strength at subfree21n6 as well as tropical temperatures, and
under vidbratory loads, Retention of strength when exp0sed
to chemical reagents such as water, aviation gasoline, ethyl—
ene glycol, and dope solvents is often important, The tend—
ency to creep under possible service conditions should also
be negligible, The thermosetting adhesives can be expected
to be less affected by solvents and to exhibit less creep
at the hlghcst temperatures ancountered in sPrvice than
thermdplasblc adhesives, .

In this country a thermosetting adhesive, Cycleweld C-3,
has been developed for bonding metal sheets together, In
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BEngland & synthetic thermosetting resin, Ardux 1, has been
developed for bonding phenolic plastics together,¥ The _
possibilities of these adhesives for use in bonding aircraft
parts were investigated as part of a research project car—
ried on at the National Bureau of Standards, sponsored by
and conducted with the financial assistance of the National
Advigsory Committee for Aeronautics,

MATERIALS AND SPECIMENS

The materials which were bonded together with the ad-
hesives are described in table 1, The lap—joint type of
specimen was chosen for testing the bonding properties of
the adhesives because of the ease with which such speclmens
could be formed and teeted, The specimen was generally about
6 to 8 inches long and 0,7 inch wide with an overlap of 0,5
inech, For sore tests the material or materisls to be bonded
were cut into strips 3 to 4 inches long and of the desired
width (i,e,, 0.7 inch) and the strips bonded to form speci-—
meng ready for test, _In another procedure, sheets of the
meterials 3 to 8 inches in width were overlapped and bonded,
and the test specimens sawed or shearsd from the lap—~jointed
panels, Prior to bonding, the metal strips and sheets were
cleaned by either abrading or washing with petroleun naphtha
and the surfaces of the plywoods and of some of the plastics
were roughened with sandpaper,

The Cycleweld (-3 adhesive was supplied 'in both liquid
and film form, ©For this edhesive, it was recommended by the
manufacturer that the bonding be done under pressure and the
temperature at the bond be maintained at 163° C (325° P) for
at least 15 minutes, The Ardux 1 was supplied in the form

*Recently Amberlite PR—65, an adhesive comparable to
Ardux 1, has become availabls in this country, Tests made
with lap~Jjoint specimens of paper—-base laminate, 1/16 inch
thick, and febric—base laminate, 1/4 inch thick, showed that
these two adhesives had identical bonding strength, Unabraded
specimens of the paper—base laminste had shearing strengths
of 220 and 900 psl when bonded with Ardux 1 and Amberiite
PR—-65, respectively, Unabraded specimens of the fabric-—bage
laminate had shearing strengths of 2040 and 20850 psi when
bonded with Ardux 1 and Amberlite PR-65, respectively.
Abrasion of the- surfaces of the laminates before honding.
with Amberlite PR—~65 had no effect on the strength of the
bond,
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of a thick liquid and the curing conditions suggested for it
were clomping presgsure and ‘o temperature of at least 1400 C,
When bondihg materials with. the liquid adhesives, the two
‘'surfaceés to be adhered were omted with the adhesive,

Since; the Compreg and, .40 & lesser degree, some phenolic
laminates presented difficulty in bonding becausse they un—
molded,* specimens were prepared in which strips of the ma—
terinls had been given one of the following treatments: (=)
surface unabraded, (b} surfuaée dbradsd, (c¢) strip prehecated
for 1 hour at 1459 C, and (d) strip preheated for 1 hour
at 145° C and the surface abraded, The specimens were made
from identical strips of the Compreg and of the O,2F—inch-
thick phenolic laminates, [To determine the strength of
Compreg lap-~joint specimens with the material free of re—
sidual stresses and the bonding surfaces flat, strips which
had been preheated were. machined on one face to give a flat
surface for bonding, Specimens were made with both adhesives,
and both unabraded and abraded materials were used,

Thesoc specimens woere cured in an oven with a spring-
and—clanp device which allowed control of the bonding pres—
sure, The "spring—clamp" apparatus is shown in figurec 1
with & pack of specimens in place, In addition to permitting
control of the initiel clamping pressure, the spring—clamp
device allowed the strips to increase in thickness, if they
unmolded, without large variation in the pressure,

To insure that the bond was held at the desired curing
temperature for a sufficient time, in several specimens the
temperature was measured with a thermocouple located in the
bond, Each couple was made of No, 40 wire soldered with a
lap—~jolnt and laid parallcl to the length of the specimen,

To test the suitability of Cycleweld C—3 cement for
bonding aluminum alloy to magnesium alloy, 245-T alclad
sheet 0,025 inch thick was bonded to J—1 megnesium alloy
sheot 0,032 inch thick with liquid cement, Two sets of
specimens were made; one in the spring—clamp apparatus, the
other in a,stcam-heated press, In the first sct, the mag-
nesium gtrips were cleaned with sandpaper, washed with wator
and wiped dry, and the aluminum alloy was cleaned with punmice
soap and water and wiped dry., The socond set of specimens

*Unmolding refers to the swolling or distortion that
plastics may exhibit when residual stresses are released,
8 process accelerated by elevating the temperaturs,
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was taken from lap-Joint pantls made from pieces of metal 3
by 4 inches, The aluminum elloy material was cleaned as
before; the magnesium alloy pleces were abraded with sand-
paper but were not.washed,

EQUIPMENT AND TEST PROCEDURE

,

The width and the length of the bonded area of each
specimen were measured with a steel scale graduated 1in
hundredths of an inch, The specimens were tested in shear
on the 2400-pound range of a 60,000-pound-capacity Baldwin-
Southwark hydraulle testing machine, accurate to EF pounds
over the range. used, 'The rate of head separation was main-
tained at 0,05 inch per minute, and the time to break each
specimen was recorded, The testing machine was located ‘in-
a conditioned laboratory in which the temperature was main=’
tained at 259 0 and the relative humidity at 50 percent,

For the low—temperature tests, an insulated box wes
constructed to enclose the grips, The box was cooled with
solid carbon dioxide, Two armholes were cut in the front
and leather gloves were attached to the edges of the holes
80 that specimens could be inserted in the grips of the
testing machine without opening the box, A double—glazed
window and lights mounted inside the box facllitated hand—
ling of the test specimens, When the specimens were placed
in the box, a thermocouple was attached to. each specimen
near the bonded portion, The specimens were kept in. the
cold box for at least 1 hour prior to testing in order to
attain temperature equilibrium, ) :

After the specimens were tested, they were exdmined %o
determine (a) the percentage of the oOverlapped area in which
the failure occurred in the adhesive, (D) the percéntage of
the overlapped area in which the adhesive coatings on the two
halves of a specimgn failed to bond together, (c) the per—
centage of the overlapped area in which failure occurred in
the material bonded, and (d) the perceniage of the overlapped
area in which failure occurred at the interface between the
adheslive and the plastic or metal, - v

The shear strength was calculated in two ways, First,
the breaking load was divided by the shearing area to obtain
the average shear stress at failure, Second, the shear
strengﬁh'perzinch of bond width was obtained by -dividing the
breaking load by the specimen width, nominally 0,7 inch,
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RESULTS AND DISCUSSION

Specimens Bonded under Clarping Pressure

The Aata on shear strength for the lap-joint. specimens
formed under clamplng pressurc wlth Cycleweld (-3 cerment
and Ardux 1 adhesive are shown in tables 2 and 3, and
represontative specirens after test are shown in figures 2,
3, and 4,

The fabric—base phenolic laminate specimons bonded

with Oycleweld 0—3 (table 2) were about three-fourths as

strong as those bonded wlth Lrdux 1 (table 3), The differ—
ence was less marked for the pager—base meterial, - For dboth
adhesivos at both 26° ¢ and —40° € the fallure was almost

ent irely within the material rather than in the adhesive or
at the adhealve—nlastic boundary, The lower shear strengsth
of the Gybleweld—bonded specimens was. probadbly caused by the
higher clamplng pressure employed. ih making thecse specimens,
This caused some bending (sece fig. 3, specimcn E) at the end
of the overlapped area, ‘

'P-.

The Ardux—bonded specimens ‘made from strips 0f tho 1/ 4
inch—thick phcnolic laminates exhibitad shear strengths mors
than twice thidse shown in the corresponding 1/lé—inch-thick
materital, Thie may be explained by the fact ‘that the stress
distr ibutlon at the ends of the ovérlapped area was differ-—
ent for the two thicknesses when the 1ength of the overlap
was the game,

It might be expected that the shaar strength, a ficti-
tious or average value, would be the same for 'a glven ma—
terial if the ratio of length of overlap to thickness of
material was malntained constdnt, Soéme data that lend
weight to this assunption were ohtained by determining the
strengths of lap—~joint specimens of material FI-1/16—A bonded
with Ardux and made with three overlaps, 1/8, 1/2, and 1-1/2
inches, The results of these tests; nade gt 28O 0. only, are
presented in table 4, In all these tests the fallure was 97
to 100 percent within the material rather than in the adhesive,
If th¢ averege -shear strength value for the FI—-1/16-A speci-
mens with an overlap of 1/8 inch is compared with that for
the FL~1/4 specimens (table 3) which had an .overlap of 1/2
inch, it is n&ted that ‘the values are 'very nearly equal, The
ratios of measured overlap to thickness are 1,9 for the
FPL-1/16—~A and 2,0 for the FI~1/2 materials, respectively,
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For the metal specimens bonded with Cycleweld C-3, the
average shear strengths varied from 1330 to 2530 psi et
25° ¢, and from 1500 to 3040 psi at —40° ¢, 'The type of
failure obtained wlth the metal specimens bonded with Cycle—
weld C-3 was different at the two temperatures, This 1s
shown in figure 2, comparing specimen A with B, and speci-
men C with D, At 25° C the major portion of the failure
occcurred within the adhesive, while at —40° C the major
part of tho fallure cccurred at the adhesive-metal boundary,

The metal specimens bonded with Ardux yielded lowsr
average shear strength values than the Cyclewcld specimens,
The rangs for the Ardux-cemented specimens was from 230 to
1170 psi at 25° C and from 625 to 870 psi at —40° C, .In
general, th'e Ardux—bonded specimens showed a reduection in
strength at the low itemperature, whiech is in the opposite
direction to the results obtained with Cycleweld—-bonded
metal strips, There was no marked difference bstween the
259 6 and the —40° O samples with regard to the location of
the fallure which, except for specimens made with AD-31
aluminum alloy, was located mostly at the adhesive-metal
boundary,

_ None of the Ardux—-bonded specimens failed in the metal,
With the Cycleweld C-3, however, a few specimens of the _
alunminum alloy DP-—-10 failed in the metal, These fallures arec
shown in figure 2, specimens E and ¥, The mean tensile
stresses existing in the strips of the various materials

at the maxinun load were calculated, and these values are
shown lIn table 5§ for conparison with the tensile test re-
sults prasented in table 8, For the Cycleweld—bonded speci-
nens of both aluminum alloy D—-10 and stainless steel, the
computéd teonsile stress was about equeal to the tensile
strength of the netal, :

Tasts were made to determine whether the materials had
been appreciadbly weakensed by the heating $o0 which they were
subjectad in bonding, Strips of the various materials, 0,7
by 8 inches in size were cut and %he edges sanded, One set
of strips was tested in tenston on the Baldwin—~Southwark
hydraulic testing machine, Another set of specimens was
heated in the oven at about 150° C for 40 ninutes, exposed
for at least 24 hours in the condltioning atmospherse and
then tested, From the results of these tests, shown in
table 6, there was some indication that the heat weakened
the plastic materials slightly,
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Specimens Bonded after Various Surface Treatments

The resultg -0f the baets’ on specimens made from Compreg
and phenolic laminate magerials,” which had various surface
treatments prior to bonddng, are shown in tables 7 and 8
for the Cycleweld C~3 and Ardux 1 adhesives, respectively,
The appearance of some speclimens after test is shown in
figures 5 and 6,

The results obtained with Compreg show that the un—
abraded types had thes lowest shear strengths, the adbraded
variety was intermediate, and the specimens which. had deen
preheated and then machlined exhibited the highest shear
strengths, The kinds of fallure for the various types of
specimen were quite differonty for the machined specimens
bonded with Cyéleweld (fig, 5, specimens D and E) a consid—
erable part of .the failure occurred in tho Compreg: while,"
for the other types (fig, 5, specimens F and G) the major -
portion was at the CJclewad - Compreg boundary, The  Ardux-—
bonded machined specimens failed principally in ‘the Compreg
with no significant’ difference Yetween the bhehavior at norial
and at low temperature, Typilcal fdilues are shown in figure
5, specimens B and C, T =

The bond strength of the paper base phenolic laminate
PI~1/4, adhered with Cyclewsld, was. greater.-at low tempera—
ture, tha 1ncfeases ranging from 36 to 80 percent, The per-
ceqtnge of ‘failure within the phenolic laminate was much

greater at the “low tomperaturc, and the percentage of fall-
ure within the edhesive docreased ~These results are siml-
lar to tlose observed with the GOmpreg speciméns Typical

failures arc shown’ in figure 6; compars.A with B, and c
with D, With the Ardux cement the fallure wids practically
100 percent in the 1aminate at both temperatures, Even
though both cements ‘were sufficliently :st*ong so that the
faillures were-practically entirely in the material, the
shear strength values obtained for Cyclewsld were greater.
It was suspected that the Ardux 1 may have weakened the™
phenolic plastic near the bond because of the cheulcal p -2
action of the cement with ‘the plastic,

Specimens of Métal Bonded to0 Plywood

The data for the.shear strength of lap—joint specimens
of alumlnum alldy bonded to plywood with Cycleweld C—3 ccuent
are shown in tables 9 and 10, .and figures 7 through 9 show
representative speciméns after test, .
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With the mehogany-aluminum specimens (table 9) there
was little difference between shear strength values obtained
at 26° C with or without & resin coating, The strength at
259 ¢ obtained with the paper— and resin—faced plywood MRP
was considerably lower than that for uncoated and resin—coated
plywood, Focr all types the failure wes practically 100 por—
cent in the wood vencer and not in the adhesive (see fig, 7).
In most instances the shear strength a2t the low temperature
was socmewhat less than that at 25° C, !

The shear strength obtained for the mahOgany~a1uminum
specimens bonded with Gycleweld 0-3 cement film was found to
be about 1F percent less at 25° C than the valﬂes gbteined
with the liquid Cyclewgld boads, and about equal at -400 ¢
to the valucs obtained with the liguid Cycleweld bonds. The
faiiures for the fi]m—bonded specimens made with the AD—BG )
and D—-22 aluminum alloy cccurred 75 percent in the wood ST
while for the D-30 film-bonded specimens, cured in the pr sg
96 percent of the failure occurred ia the wood, L qif

The birch-aluminum specimens exhibited considerably’
greater bond strengths than those made with mahogany. :
(table 10), 7For the specimens bonded with liquid Gycleweld
cement, the untreated and resin-treated plywood had greatér
strength at ~40° ¢ than at 25° C, which is the opposite of
the results obtainesd for the specimens made with mahogany
plywood, Except for the D-30/B specimens, the failures at
low temperzture for the six groups were nearly 100 percent
in the wocd, & typical faoilure is shown in figure 8, speci-
men F, From an examination of the D-30/B specimens, it is
believed that the high percentage of fallure ot the metal—
adhesive boundary and the low strength may have been caused
by ingufficient clesnsing of the surface of the metal,

For the film-bonded birch—aluminum specimens, those
made with the spring-clamp apparatus exhibited shear streagths
much lower than the values obtained for specimens bonded with
liquid cement; the specimens made in the press exhlibited shear
strergths almost equal to theée values obtained for the speci—
mens bonded with liquid cement, Some fllm-bonded specimens
are shown in figure 9, ' LTS

The speclmens in which the face grain of the plywood
was transverse yielded shear strength values much less than
for the tvPes in which the face grain was parallel to the
length, i :

PR
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Specimens of Aluminum Bonded %o Magnesium

The' shear strength’ data for ‘the 1ap~Joint specimens
of aluminum alloy bonded to magnesium alloy with Cycleweld
C—~3 cement &fre shown <4n table ll

The ‘specimens bonded In' a press had shear strengths
consiaerably lower than- those made with a spring—clamp
apparatus although the percentage failure.to bond in the
overlapped sectlon was much higher for the latter type.. .
This result may have been-caused by the difference in the
method of cleaning the magnesium alloy for the twoc sets of
speclnens or deterioration of, the cement on storage subse—
guent to preparlng the spring—clanp bonded specimens, The
failure to bond over®a lafge portion of the ares for the
spring—clﬁmp specimens was probably caused by a relatively
unesven cO&ting!of Gycleweld In both sets .of specimens
the $trength’'at L20° ¢ wagd considerably gregter than thet
at 26° .6, ‘whichH is in adroement with the rosults obtained
with other mefal - ‘gpecimens, (See table 2, )y

Since there was & possibility that the curing opsra-—
tion might’ weaken the’ nagnesium alloy material, tensile
tests weTe made upon two sets of machined tenslle couponsi
one: set Wﬂs giVen the sameg heat breatment as the lap- o
Jjoint specimens, the other was -not heated. Stress~—strailn
data ‘wer'e takem in "thésé tosts which were nade st 25° C.
The tendile’ strength of the magn391um alloy was practical—
1y unaffecdted by the heating ‘cycle uscd to cure the Cycle~
weld, the average valuss belng 44, 9¢0 ‘and 43,900 psi for
unheated and heated spccimens respoctiv‘ly, at 259 ¢.
The yield point, however, was affcected sllghtly. for 0.4
perccont offset the stress was reduced from 39,500 psi to
35,800 -psi by the hoat troatment. The few tcsts nade upon
the magnesium alloy indicate the necesslity for checking
the effect of the heating cycle upon. the strength of mag—
nesium alloy parts which are to be bonded with Cycleweld.

COFGLUDING REMARKS"

Both Ardux 1 and liquid Cycleweld C~3 cement produced
bonds sufficiently strong in lap—joint specimens of phe-—
nolic laminate so that the failure cccurred in, the material
rather than in the adhesive; this was true in tho tests
made at 25° C.;and-at —409 C. T
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¥With both adhesives the maximum shearing strength of
Compreg lap—Jjoint specimens was obtained when the strips
to be adhered had been machined flat after a preheat treat—
ment introduced for the removal of residual stresses,

The shear strengths of Cycleweld—bonded metal specimens
were greatcer than those for the Ardux—~bonded metal specimens
at both 259 C and at —40° ¢, The strength of the former
inecreaged while the strength of the latter decreased when
the test tempersture was reduced from 28° ¢ to —20° C,

The shear strength of the specimens of birch-faced
plywood bonded to eluminum alloy with Oycleweld C-3 cement
wes much greater than the strength of the simllar mahogany—
faced plywood—aluminum-alloy specimens, With both plywoods
the shear sirengths of the lap-joint specimens woere about
the same for the uncoated and the resin—coated plywood; also
the major portion of the failure generally occurred in the
wood venser rather than in the mdhesive indicating that the
strength of the wood was the governing factor, The shear
strengths of the spascimens made with the birch material
were generally greater at —40° ¢ than at 25° C; while the
reverse was true for specimens containing the mahogany ma~
terial,

National Bureau of Standards,
Washington, D, C,, May 19, 1944,
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Table 1. Materials Used in Tests of Bonding Strengths of Adhesives.
Average
Material Description of Thickness
Designation Material in.
AD=17 248T Alclad aluminum alloy. - 0.017
AD=-25 28487 Alclad aluminum alloy. 0.025
AD-26 248T Alclad aluminum alloy. 0.088
AD-31 248T Alclad aluminum alloy. 0.033
D-10 Aluminum glloy 248-RT (coefficient of linear 0.0133
thermal expansion 33 x 10-6/9g),
D-22 2487 Aluminum alloy. 0.021
D=25 84ST Aluminum alloy. 0.028
D=30 8487 Aluminum alloy. 0.030
88 Stainless steel, (coefficiefg 8f linear 0.0053
thermal expasnsion 17.3 x 10-6/%Q).
J=1 Magnesium glloy. 0.038
FL-1/16 Fabrio-base phenolic laminate. 0.067
FL-1/16-4 Same type of material as FL-1/16 but 0.070
different lot.
FL-1/4 Fabric-base phenolic laminate. 0.34
PL-1/18 Paper~base phenolic laminate. 0.088
PL-1/4 Paper-bass phenolic laminate. 0.36
P?7 Qompreg$ phenolic-resin-impregnated compressed 0.28
maple veneers, 7-ply with grain in adjacent
plies at 90°.
' Three-ply plywood, 1/33-inch mahogany faoes, 0.185
1/16-inch poplar core; phenolic resin glue.
MR Wi" plywood coated with & phenolic resin. 0.12356
MRP "M¥ plywood faced with 7-mil thick paper
toweling impregnated with a phenolic resin. 0.128
B Three-ply plywoocd, 1/328-inch birch faces, 1/16- 0.122
inch poplar corei phenolic resin glue.
BR 1B% plywood coated with a phenolioc resin. 0.121
BRP UB¥ plywood facedwith 7-mil thick paper towel- 0.136
. ing impregnated with a phenolic resin.
B! Thr ee-ply plywood, 1/48-inch birch faces, 1/88- 0.070
inoh poplar core; phenolic resin glue.
B" Five-ply birch plywood, 1/48-inch faces, 1/28- 0.135
inch oross~bands, 1/33-inch corej phenolic
resin glue.




Table 3.- Oata for Lep-Joint Specimans
and Oured Whils lnder Clampi

Bonded with (ycle-Weld 0-3
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[Naterial | Tamparaturs
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ADS71 2 2
-3 ]
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1385 1350-1410
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32 32 3h 2
95 0 0 2
gl 0 0 é
100 0 0 0

&, Ouring conditions: 30 to 30 minutas inm oven at 155° to 165°0.
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Table 3.- Data for La
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a o 0. O
tig:n- Test Bpocimens
%g
S E
AD-~ 2 2
N I+ 2
D-10 25 2
-h5 3
D25 25 2
88 ..ﬁ g
Fi-1/16 E& g
-1/% 12;2 g
PL-1/16 ™ 3
-4 3
Pl-1/% 3
/ —Eg 3

Langth

Overlap,
Average
in,

and

"o

Break, Bhear Bt

| Averpge | Averaze %—E Averags
min. | w/ir® | 1v/an? 1b/in
1.0 k&g
11 229,- 555'930 320
1.0 1n 1140-11 00
0.9 s?zg £20 2 25
0.5 6108 | 600-610 312
1.2 720 £20-800 370
0.4 230° | 130.320 | 120°

. 1060 11

| || ®
E-E 940 910-970 Liso
3. 1130 920-1280| 550
2. gsho | 2220~ 1
2.; 2420 | 23%0- 1%
1. 660 630~
1. 640 &o-ﬁg ?Eg
1.6 2080 | 1930-2820| 1000
2.0 1990 | 190C-pOM0[  9%0

Shear Btrength per
[} dth

1b/in
460
B30-375
5‘32-510
5

300-310
315-H10

60-160
ARE
Voo

1030-10%0
1190-1220

S0

980-1020
978-990

Fedlurs £

Falled in ruha—ﬁj‘l'&)f"&—rmfi—e u slva- | Tailad t
Matari Mheslvye, | MNaterinl Boundary Bond,
vers Averape Averags Avarage

s % % 4 ]

1

3 8 | & B g

o 0 12

0 0 Eﬁ % [

0 0 20 15 5

o o 37 53 10

0 o 0 95 5

0 0 ) 1 E

0 0 15 1

100 100 0 0 0
100 100 0 0 0

93 9h-100 2 0 0

83 90-97 7 0 0

99 97-100 0 0 1
100 100 0o 0 0

99-100 (] 0 1
g 96-100 h] 0 1

"Ono spocieen broke in handling; probably gluing was defective.

b

Did not bond on first attompt to meke specimens.

l’(!|.|:r:|.::u;; oondl tionm: 25 to 30 minutes in an oven at 145% to 15590,

5T
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Table 4.

NACA TN No. 964

ghear Strength of Lap-Joint Specimens as a Function of Length of

Overlap for Fabrio-Base Phenolic Laminate FL-1/16-A Bonded with Ardux 1.

Shear Strength per

Overlap
Average of No. of Shear Strength inch of Bond Width
Nominal Measured Values Specimens Averago Range Average Range
in. in. 1b/in 1b/in® | 1b/in 1b/in
1/8 0.13 3 3330 2200~-2500 305 300-310
1/2 0.51 3 810 800-830 415 410-420
1-1/2 1.52 3 370 360~390 570 550-580
Table 5.- Mean Tenslle Btress at Maximum Load in
Lap-Joint Specimens.
a Mean Tensile Stress®
Material Temperature Cycle-Weld-Bonded “Ardux-Bonded
Designation of Test Specimens (Table 2) Specimens (Table 3)
— o0 ib/in= 1b/1n2
AD-17 25 _— —
-4d _— —
AD-31 25 24,000 1%,000
~-4o 34,000 13,000
D-10 25 5l, 000 25,000
~u40 62,000 30,000
D-25 25 39,000 4,200
ss 25 240,000 100,000
-40 260,000 80,000
FL-1/16 25 6,000 7,200
-0 5, 500 &,200
FL-1/4 25 - 4, 200
-Ud - 4,800
PL-1/16 25 k, 800 ,100
-1o 3,700 »900
PL-1/4 25 -- 4,000
-4o - 3,900

8
Low temperature value is approximate: exact
values are in Tables 2 and g.

bCalculated as the ratio of the maximum losd
to the crogs-sectional area of a gingle strip
of the material bonded,



Table 6. Effect of Heat on Tensile Strength of Sheet Materials Used in this Inveatigation.

Unheated Specimens Heated Speclmens
Material Type
[—Deaigna- of No. of Tensile B8trength Ko. of Tensile Btrength
' tion Material Specimens{ Average Range Specimens | Average Range
1b/ind 1b/1n® 1b/in® 1b/in®
AD=17 Aluminum alloy 3 53,000 | 49,000-57,000 38 58,000 | 5%,000-80,000
D-10 do. 3 63,000 | 57,000«65,000 38 81,000 | 56,000-86,000
B8 Btainleas stesl 3 245,000 | 240, 000250, 000 3a 240,000 | 230,000-340,000
FL-1/16 | Fabric-base 2 13,600 | 13,000-14,000| 2P 12,360 | 18,000-13,500
phenolic laminate
FL=1/4 do. 3 14,700 | 14,500-15,300 3s 14,200 | 14,100-14,300
PL~1/16 | Paper~base 3 "81,800 | 16,000-86,000 3P 15,300 { 15,000-16,000
phenolic laminate
PL-1/14 do. 3 21,500 | 21,000-23,000 3P 18,700 | 18,000-19,000
P7 Compreg 3 15,800 [ 13,000-17,000 3 13,900 | 12,700~1%,300

~ 8hege specimens were heated in an oven at 150°C for 40 minutes.

Prhese gpecimens were heated in an oven at 150%¢ for 40 minutes while

clamped to steel plates.

»oe "ON NI VOVK
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Table 7.- Shear Test Data for Lap-Joint Spsoimens of Compreg acd Phenalis Lasinatse
Bonded with Oyole-WNeld (-3 Under Spring Premsurs.®

Fail Dat
Material |Temperaturs Lagf';th 'l‘::o Shear Strength per fullad In FalTed In ;;:hd-:f Adheslve.] Failed fo
Dlllsn::- of B:gc of Cverlep, | Bresk, _mg:_Sthgh ‘12. of RBond %djn ijigm :dfl:elivo, Materiel Boundary, 133';:’
 Fion & Jest imens | Averages | Average | Aver yorage ge Verage [ raEs Average ge
% an. min. 1b/ﬁ5 lblﬁ 1b/in 1b/in 1 < 4 % £
Pl-us 25 2 0.52 - o 3545 20 17-23 ] 0 o %0 10
Pl-ua 25 2 0.52 3.0 1350 |1270-1420 | 705 670-740 52 697 ] 34 2
P7-ks 25 2 0.50 1.7 810 810 ko5 370-h0 0 0 0 63 37
P7-ha 25 o 0.50 2.0 1240 [1090-1390 | 600 540-650 0 5 59 26
Pl-lms 2 0. . 60 |mso- 1200-1330 | 4§ 38-54 51 0
[ -2&2 2 o.EZ ?3 ?510 2310-27253.06 1159?2 1130-1410 99 0 g 0
F7- 2 a. 2, 0 0-2600 | 1370 1260-1480 | &2 5-99 s 1 2
T B 2 S | B3| B |BIEw | uD || % o799 | 8 0 2
Pl=1/b= 0. .4 £100 {2030-21 1060 1010-1100 L 43 20 3
1/4-ua .E?-( 3 o.gg PL.G 2850 2%0-3 1420 1320-1490 Z; 29-33 0 31 0
Pl- . 2.0 1910 |1750-2010 0-9%0 PT-is 45 0 18
1h-ua -E 3 g:’é 2.3 2360 2 3320 11353 130—1620 93:.!.’ 85-96 1 o 8
Pl-1/i-hs 0. 2.4 180  j1360-1 £50-860 11 0-26 35 7 L
Y -ﬁ 3 o.g 1.9 2660 10-2333 1§§'§—, 1250-1430 | 61 7-92 3 22 11
Pl-1/H4- 0. 1. 1340 [1670-2070 | 910 840-990 2 22~ 23 1 o
fA-ba .EE % o.% 1.; B520 |2120-3270 | 1265 1090-1600 ;5 9"—;2 0 0 5
l.'l‘r_pal ¢f troatment are indicated by lettera aftor the matorial designetion as follows:
u = unhaated
h = heated E
A = maohined >
8 = unabraded
a = abraded -
af
b‘ho other spsclmens came apart on handling. °
2
ocuring oondi tions: 150 to 200 13/1112 pressure in an oven et mbout 163°C mmtil the temperature at the bond *

bad basn 163°C for 25 minutes.



Table 8.~ Shear Test Data for Lap-Joint 8pecimens of Qompreg and Phenolic Laminates

Bonded with Ardux 1 Under Spring Pressura.®

98 °“OK KI YOVX

Material |Temperature
Desipgnp- of Yo. of
tion & Test Specimens
[
(4]
PT-us 25 6
Pl=-ua 2
f i3 2
P7-hs 25 2
P7-hms 25 2
~51 2
P7~-hma 25 2
~50 2
FI-1/U-us| 25 2

Length
of
Overlap,

in.
0.52

0.59
0.53

0.52

0.49
0.52

0.
o.gg

0.51

Time-
o

Average | Aver Avexrage

2.1
2.8

«.F'I'O
Y

\'Jll\i
O =

3.2

Lo
1460
2140
2180

2020
2080

2040

9802010
12901630

Specimens osme apart while

To5o-kio

1730-2320
1950-2220

2000-2080

g Bheax Btrengtix per

Break hear Strength n. of Bond Width

g H;Engg I _Aver vera
min. | 1b/in~ 1b/in°| 1b/in 1b/in )

Two specimens osme spart in handling; four broke while bsing placed in grips.

%

1060

1130
1180

1040

1130 -

Falied in
Material

Failure

Adhesive,

600~12 -
710-813o 1

being placed in grips.

1000-1130] 100
1080-1180] 100

980-1280| 100
1050-1310{ 58

. 1040 97

3

0-3

100
100

100
15-100

96-98

Failed in

t

ed at Adhesive-] Falled to|
Material Boundary,

Bond,

Vor Averm __Aversa
L * %
3 g2 P
0 0 0
0 0 0
0 0 0
3 39 0
0 0 3

"'rypel of troatment are indicated by letters after the matorisl designation
as follows?

u = unheated
h = heated

m = machined
s = unsbraded
a = gbraded

1"One spacimen came apart while being placed in mﬁl.

o .
Curing conditions: 150 to 200 1b/in2 pressure in su oven at about 14500 for 60 minutes.




Table 9.~ 8hear Test Data for Lap-Joint Specimens Made b
Faced Flywood and Aluminom Alloy with Qyole-F

) t. -
c;)da.‘!.ss Together MNabogany:

Yorm
of

Adnesives,

o WM 2 o

Length
of
No. of | Overlap,

%

H a a a a

in.

0.2
0.
0.

0.52
0.52

0.08
0.50

0.51
0.51
0.50
0.52

¥
0.8

WA A W W W o N R R

x bn o a o s dn ke by by sffs

AT

Time
%o

Break, BhaE s%

Aﬂm (Vo
min. 1b/1in 1v/1n
1.9 D | 6%0-930
1.5 Ego —
2.2 8
22 5% | So-ato
1.0 k10 390-420
2.0 550 530-570
1.2 650 670690
1. 590 | ¥ro-T0O
1.9 760 | 660-%60
1.9 780 | TH0-790
1.7 oo | k70-510
1.k &0 | 490-TH0
1. 2 610~
1.6 620
ek 560 &&Egg

Bhear Birength psx

1bfin

ho5
205

)
e9

70
.ty

0
0

390
oo
&0
3Ho
%0
320
230

1b/in
o180
390440
285-305
200-200
£70-230
233-30350
340-430

390-k10
240-260

| Tallurc Date

[Yalled At

Adhesive-

Failed in m’

¥oT m‘.'m_'g! Averpge !
% s-100] ©
589 — 0
99 99=100 0
99 99-100 0
100 100 [}
100 100 0
76 sl
90 88-92 10
96 #6-100 0
99 9%-100 0
99 99-100 0
K4 70-51 23
96 90-99 5
99 99100 1
98 96~100 2
100 100 [+)

Falled o0
Bona?

. Avezar

oo ww R

HH'F'"

B = liguid brushed on; F = film.

b0 = epring-clamp apparstus; P = slectrically heated press.

%Rafera to fusion of the Oyole-Weld oomtings on two halves of a spsoimens

aces bt apply to spacimens bonded with £1lm

drha symbols to the Jeft and right of tha diagonsl, respectively, indioate the sheet materials which wars
bondad togothor. The sheet materisls are ideniified in table 1.

®Curing conditions:

Spring-olemp apparatus:

163°0 for at lomst 15 minutes.

100 to 300 1b/inZ pressura in &n oven at about 163¢C for 50 to 60 mimutes;
tamperature at the bond wam 163°C for at leest 25 minutes.

Clestrically heatsd prass: Approrimatsly 200 1b/ir2 prassars at 165°0; tewperature at the bond, was

98 'OK AI YOVXK




Tablo 10.- Shear Tset Data for Lap-Joint Bpagimens Mede by Bonding Together Birch~
Faosd Plywood and Alumimm dllcy with cyole-we{d O-E.EE 8 °

oS "OR NI YOYK

Fpllure Data
Talled at
Langth Timo Adhesive—

Bpeoimen | Form Teaperaturs of to Shear Btrength par Palled Material Failed to
Desigam- | of Proa of ¥o. of |Overlap, | Bresk, Shear Bt h | in. of Bond Wldth in Wood Bo ’ Bond,
__*LE.LM}_ e Test fipeojmens | fverape | jverage | Average % Avérage Hangs | Average| Esngs | dverags Averppe

°q in. win. | 1b/1e? | 17102 | 1b/1n 1b/in < 4 4 i
a 0. 1.6 | 1220 [1loo-1k 6 0 17 8 10
4p-25/8 N -Eg ; o.glo k.o | P100 1510-22%3 10Eg ﬁg:ﬂoo 100 99—2000 Tg 0
AD-E5/BR, L 0 2 0. 2.2 i1 125014 640~ £ #g-9¢ 7
e/ —#g ; o.gi! k.9 1’[178 1 o-m%g 5173 u;o-;gg 100 100 g 0
AD-P5/ERF| L a 25 3 0.51 1.6 |1100 J1070-1136] 560 520-600 98 on 0 2
o 3 0.52 3.6 | 1270  (1180-1400 &60 610-710 | 100 100 o ]
D~ L ¢ o.5p 1. 1 1000-1 660 0-510 ho
/e £ 3 oZs | 30 {380 [Wkcitso| 6m | Bome| M O|%XR | X 3
D~ L a 0.51 1.0 00590 255 21 9% o4 3 1
/5 2 3 ofe | 15 | 8% |Mome| 2 | arem| 1% | %% 3 5
D~ L ¢ 0. 1.6 {1260 [11%0-1390 6 600-~-725 66 [ 29
30/BR -Eg % o.?% k.o [1590 [1ieo0-1730 3373 T30-500 9% 9h-99; 3 E
D=30/BRP L 0 25 3 0.52 g.2 | 1170 [1150-1210 610 290-630 97 9698 1 ]
4z 3 0.51 2.7 {1l 850-1410 560 35-720 | 100 100 0 ¢
D-30/B r 0 0. 0. 6 610~ 0 10 18 +] _—
3 £ ISR 3R | BImmsl B || 4 =
D- r 0 0. 0. L § 2 1 -
30/8° ] 3 o | 3R |l | WeRB| B\ mE| % |%F| ¥ =
D-30/R! P 0. 1. 1260-1320 470 6 90 8 12 2 -
2/ -422 % o.% 2.1 % 520-1330 7%0 223-_370 90 100 go -
D-30/p" r k 0. 1.6 |1320 20-1580 &70 68 96 2
ek F -lalz-a'j 3 o.gi 2.6 1:;'110 ;10-115;90 Ggo &% 72 12:100 ?és -_

B, = 1iquid brushed on; T = £ilm.

= spring-olasp spparatus; P = olecotrioally-heated press.
%Paoe grain perpendioular to langth of speoimen.
9Refors to fusion of the Oyale-Weld coptings on the two halves

*The sysbole to the left end right of the alagomel, Tecmeobivole 1 oatBatot P HT,i2 JRooincny Donded with fikmy ogothor. Tho sboot meterisls
75T identifisd in table 1. .4
Curing anditions:

pﬂl:g-nlup appaTatus: 100 to 300 1b/inf pressure in an oven at mbout 163°0 for 50 to £0 winutas; temperature at the bond was 163°C for
at least minutes.
Electrically heated press: Approrimately 200 1b/inZ pressure at 1650C; temparatwre at the bond was 16390 for at lsest 15 minntes.



Tablé 11.- 8hear Test Data for 248T alolad

Alvainoa Alloy-Megnesium Alloy Spaoimana

e

{4D-86/J) Bondad with Cycle-Weld 0-3,%
Method of | T ture ;4 Tine Bhear B h ¥
[ ompern [ o trongt Datg
Bonding of ¥o. of Overlep, | Braak, Shegr sgren in. of Bond g;dgr ¥Yalied 1Tn | Falled in fgidall ld.healv%- Yalled to
| Spooimens Tost Spooiwens | Averapge | Averame | m:&m_r__m |__Naterial | ifhopive torial Boundary? | Bond
og in, min, 1b/1n? 1b/1n 1v/in 1v/in ] i 4 1

Bpring-

. Clemp 25 3 0.51 1.} 1510 1130-1720] 770 590-270 0 ca.10 55 0a.35
; Apparatus
‘ -3 3 0.51 3.8 2540 2260-g700| 1290 1170-13%0 0 0 68 32
Bream 25 3 0.51 1.0 70 | #oo-110] 3 | 20560 | o ) 96 I

-k7 3 0.51 2.2 1850 1520-p220] olio 410-1130 0 o 95 5

f0uring conditionst
Spring-olamp apmretuss: 300 to 500 1b/in2 pressure for 75 ninutes in an oven at 15590.

Stoam press: Approximately 500 1b/ in? prassure for 20 to 25 mimutes at 165°C.

bruilue ¥ae generally at the magnesium alloy-athesive boundary.

¥968 *OX XI YOTA




NACA TN No. 964 Fig. 1
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4, Specimen; B, Qement; O, C-clamp; D, Spring-steel strip
0.04-inch thiock, 3/4-inch wide, 3-inshes long; E, support
blocks glued to F; F, & by &/4 by 1/4-inch steel bar; G, flat
metal strip 1/16-inch thick by 3/4~inch wide.

Figure 1.~ Spring-clamp apparatus for making lap-joint
specimens.



NACA TN No. 964

A, Alclad sluminum alloy (AD-31; tested at 25° C.

B, Alclad aluminum alloy (AD-31) tested at-40° Q.
C, Stainless steel 288 tested at 25° (.

D, Stalnless steel (SS8) tested at-40° ¢.

E, Aluminum alloy 20-10; tested at 25° ¢.

F, Aluminum alloy (D-10) tested at-40° ¢.

Filgure 2.~ Cycle-Weld-bonded metal lap-joint specimens aftsr
test.



NACA TN No. 964 ] Fig. 3
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A, Paper-base phenolic laminate éPL—l/lB) tested at 25° .
B, Paper-base phenolic laminate (PL-1/18) tested at-40° ¢.

¢, Fabric-base phenolic laminate (FL-1/18) tested at 25° ¢.

D, Fabric-base phenolic laminate (FL-1/16) tested at-40° C.

E, Bending of phenolic laminate (FL-1/18) specimen during cure.

Figure 3.~ Cycle-Weld-bonded phenolic laminate specimens after
test.



NACA TN No. 964 Fig. 4

A, Paper-base phenolic laminate ﬁPL—l/lG) tested at 25°

B, Paper-base phenolic laminate (PL-1/18) tested at-40°
¢, Fabric-base phenolic laminate éFL—1/4 tested at 25°
, Fabric-base phenolic laminate (FL-1/4) tested at-40°

QQOQ

D

E, Alclad aluminum alloy (AD-31) tested at 25° C.
F, Alclad aluminum alloy (AD-3l) tested at-40° ¢.
G, Stainless steel iss; tested at 859 ©.
H S8

, Stainless steel tested at-40° C.

Figure 4.- Ardux-bonded lap-joint speclmens.



NACA TN No. 964

A, Bonded with Ardux 1l; not preheated, surface abraded;
tested at -40° ¢.

B, Bonded with Ardux 1l; preheated, machined and abraded;
tested at 235° C.

C, Bonded with Ardux l; prehsated, machined and abraded;
tested at -40° ¢.

D, Bondeg with Cycle-Weld C-3; preheated, machined; tested
at =25° ¢C.

E, Bondzg with Oycle-Wsld 0-3; preheated, machined), tested
at - c.

F, Bonded with Cycle-Weld C-3; preheated; tested at 85° G.

G, Bondeg with Cycle-Weld C-3; preheated, abraded; tested
at 85

Figure 5.~ Qompreg lap-joint specimens.



NACA TN 964 Fig. 6

Not preheated; tested at 25° Q.

Not preheated; tested at -40° Q.

Not preheated, abraded; tested at 25° €.
Not preheated, abraded; tested at -40° ¢.

Paper-base phenolic laminate (PL-1/4) bonded in
"spring-clamp" apparatus with Cycle-Weld adhesive.



NACA TN No. 964 Fig. 7
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A, Surface untreated (AD-26/M); tested at 235° ¢.

B, Surface untreated (AD-26/M); tested at -40° Q.

C, Surface resin-coated gm-zelung; tested at 25° ¢.

D, Surface resin-coated (AD-R36/MR); tested at -40° (.

E, Surface resin-paper-coated $AD—26/MRP;; tested at 25° C.

F, Surface resin-paper-coated (AD-26/MRP); tested at -40° ¢.

G, Sugface untreated (AD-26/M); Cycle-Weld film; tested at
250 ¢.

H, Ezrgace untreated (AD-36/M); Cycle-Weld film; tested at

00 ¢C.

Figure 7.- Alclad aluminum alloy bonded with Cycle~Weld ¢-3

to mahogany plywoods having various surface
treatments.



NACA TN No. 964 Fig. 8

A, Surface untreated ED-30/B;; tested at 25° C.

B, Surface untresated

C, Same as

D-30/B); tested at -40° C.
A except facse grain perpendicular to length of
C

specimen; tested at =25 .

D, Same as
E, Surfacs
F, Surface
G, Surface
H, Surface

C, but tested at -40° C.

resin~coated ED-SO/BR;; tested at 25° C.
resin-coated (D-30/BR); tested at -40° C.
resin-and-paper coated iD-SO/BRP;; tested at 235° C.
resin-and-paper coated (D-30/BRP); tested at -40° C.

Figure 8.- Aluminum alloy bonded with Cycle-Weld C-3 to birch

plywoods having various surface treatments.



NACA TN No. 964

A, D-30/B specimens, bonded with epring-clamp apparatus;
tested at 35° ©.
B, Same as A, but tested at -40° ¢.

¢, D-30/B' specimens, bonded in electrically heated press;
tested at 25° O.

D, Same as 0, but tested at -40° 0.

Figure 9.~ Aluminum alloy bonded with Cycle-Weld film to
untreated birch plywoods.

.



